The aim of the present investigation was to assess and compare the antimicrobial activities of the lemon (Citrus sinensis) peel extract and lemon oil against common food borne pathogens and to study their potential as food bio-preservatives. The antagonistic activity of lemon peel extract and lemon oil was studied against common food borne pathogens like Staphylococcus aureus, Staphylococcus epidermidis, Bacillus cereus, Bacillus subtilis, Bacillus sp. , Listeria monocytogenes, Micrococcus luteus, Escherichia coli, Klebsiella sp. and Pseudomonas aeruginosa by agar well diffusion assay. The fungal species were Rhizopus sp., Rhizomucor sp., Aspergillus fumigatus, Alternaria sp., Aspergillus niger, Aspergillus sp. and Penicillium sp. It was found that amongst bacteria, Staphylococcus aureus followed by S. epidermidis and Bacillus subtilis (with an inhibition zone diameter of 14mm, 12mm and 12mm respectively) was most sensitive towards lemon peel extract; amongst fungus, the lemon peel extract was most effective against Alternaria sp., and Rhizopus sp. (with an inhibition zone diameter of 25mm and 16mm respectively). In contrast, the lemon oil exhibited wide range of antimicrobial activity against both groups of bacteria (maximum zone of inhibition against Bacillus mycoides and other Bacillus cereus 33mm and 29mm respectively) and against fungi Rhizopus sp., and Aspergillus sp. (33mm and 27mm respectively).
Introduction
Throughout history and across the globe, the plant kingdom has provided a variety of medicines. In modern times, plants have been a source of analgesics, anti-inflammatory, anti-neoplastic drugs, and medicines for asthma, anti-arrhythmic agents, and anti-hypertensive. Plants with antimicrobial activity are also known to be numerous, yet prior to a decade ago, minimal research had been conducted in the area of herbal preparations as food bio-preservatives. The search for novel antimicrobial agents relies in great part on ethno-botanical information and ethno pharmacological exploration.
The antimicrobial properties of plant extracts, volatile oils and their constituents from a wide variety of plants have been assessed and reviewed [15, 14, 10, 11, 17, 1, 12, 13] Gould has emphasized the possible use of spices and derivatives like alternatives for inclusion in a new perspective of food conservation called "natural anti-microbial system", which could use the synergistic effect of antimicrobial compounds from animal, plant and/ or microbial origin, more physical procedures in order to create an inhospitable environment for microbial survival in foods [9] .Citrus is genus of flowering plants in the family Rutaceae, native to tropical and subtropical areas in Southeast Asia. Citrus fruits have peculiar fragrance partly due to flavonoids and limonoids present in the peel and these fruits are good sources of vitamin C and flavonoids [24] . The antioxidant/ radical scavenging capacity and reducing power ability of different extracts of orange peel were investigated and results showed that ethanolic extract showed the highest values for yield i.e. total phenolic content, total flavonoid content, chelating and antioxidant activities (% DPPH scavenging activity). It was also observed that solvent played a vital role in the extraction of the plant constituents, specifically, methanol and ethanol were highly polar among the solvents used [16] . It is also found to have antifungal activity [27] .
Lemon (Citrus sinensis) peel is an agri-horticultural waste produced in large quantities from various fruit processing industries. It is normally discarded and dumped in the environment that can create environmental concerns [23] .
Citrus by-products, if utilized fully, could be major sources of phenolic compounds. The peels, in particular, are an abundant source of natural flavonoids, and contain higher amount of phenolics compared to the edible portions. It has been reported that the contents of total phenolics in peels of lemons, oranges, and grapefruit were 15% higher than those in the peeled fruits [24] .
Flavonoids in citrus are a major class of secondary metabolites. The peel contains the highest amount of flavonoids than other parts and those flavonoids present in citrus fruits belong to six peculiar classes according to their structure. They are: flavones; flavanones; flavonols; is of lavones; anthocyanidins and flavanols [24] .
Flavonoids from citrus that have been extensively studied for anti-oxidative, anti-cancer, anti-viral, and anti-inflammatory activities, effects on capillary fragility, and an observed inhibition of human platelet aggregation. Recent research suggests that citrus fruits possess another health benefit phytochemicals called limonoids, highly oxygenated triterpenoid. Citrus limonoids appear in large amounts in citrus juice and citrus tissues as water soluble limonoid glucosides or in seeds as water insoluble limonoid aglycones. The limonoid aglycones are responsible for the development of delayed bitterness in citrus and are converted to the non bitter limonoid glucosides during fruit maturation [23] .
In this context, studies on the antimicrobial effect of lemon peel extract and lemon oil were carried out against ten bacterial strains (7 Gram-positive and 3 Gram-negative) and seven fungi known to cause food spoilage.
Materials and Methods

Materials
All chemicals used were of analytical-reagent grade and obtained from E. Merck (Mumbai, India). Lemon peel (Citrus limon) was collected from local juice vendors of Meerut (India) and identified by Dr. C.M Govil, Botany Department, C.C.S University, Meerut, India. The lemon oil was purchased from the authorized local vendor of Meerut (India).
Bacterial and fungal strains
Ten bacterial strains (7 The viability tests for each isolate were carried out by resuscitating the organism in nutrient agar medium and Sabouraud's Dextrose Agar (SDA) medium respectively. The stock on nutrient agar medium (Hi Media, Mumbai, India) and potato dextrose agar medium was incubated for 24h at 37°C (bacteria) and 28°C for 3 days (fungi) respectively following refrigeration storage at 4°C until required for sensitivity testing.
Preparation of lemon peel extract
The lemon peels were obtained from the local juice vendors in Meerut (UP). The peels were sorted, cleaned and washed in sterile distilled water. The herbal extract was prepared by dissolving 1g of lemon peel in 5ml of solvent (50% aqueous-ethanol) in a 250mL Erlenmeyer flasks. The aqueous-ethanol (50%) was found to be the best solvent for extracting the biologically active phyto chemical constituents from tamarind pulp. The other solvents were also used including chloroform, petroleum ether, isopropanol, ethanol and water.
The flasks were closed with cotton plug and aluminium foil. The lemon peel was soaked in 50% aqueous-ethanol for 48h at room temperature with intermittent shaking. The mixture was centrifuged at 3500 X g for 20 min and finally filtered through Whatmann filter paper No.1 [2] . The pellet was discarded and the supernatant was collected and concentrated under reduced pressure in a rotary vacuum evaporator (Buchi Type) until semisolid residue was obtained. This was dried inside the crucible under a controlled temperature (45°C) to obtain solid powder [18] . The process of extraction was repeated until the weight of 500mg was obtained.
The powder was weighed and reconstituted in Dimethyl Sulfoxide (DMSO) and were sieved through a fine mesh cloth and sterilized using a membrane filter (0.45-micron sterile filter). This extract was considered as the 100% concentration. These were stored in the refrigerator at 4°C for testing antimicrobial sensitivity.
Antibacterial activity testing using agar well method (cup plate method)
The antimicrobial activity of lemon peel extract was determined by agar well diffusion method [22] . Pure isolate of each bacterium was first sub cultured in nutrient broth at 37°C for 24h. One hundred microlitres (100μL) of standardized inoculum (106CFU/mL; 0.5 Mac-Farland) of each test bacterium was spread with the help of sterile spreader on to a sterile MullerHinton Agar plate (Hi Media, Mumbai, India) so as to achieve a confluent growth. The plates were allowed to dry and a sterile cork-borer (6.0mm diameter) was used to bore wells in the agar. Subsequently, a 50μL volume of the extract was introduced in triplicate wells of the agar plates. Similarly, 50μL volume of the lemon oil was also introduced in triplicate wells of the agar plates. Sterile DMSO and sodium propionate (standard food preservative) served as negative and positive control respectively for both the studies. The plates were allowed to stand for 1h or more for diffusion to take place and then incubated at 37°C for 24h. The zone of inhibition was recorded to the nearest size in mm [21] . All the experiments were performed in triplicate. 
Antifungal assay
For determining the antifungal activity of the lemon peel extract and lemon oil, the fungal isolates were sub-cultured on SDA at 28°C for 3-5 days. Sterilized Sabouraud's Dextrose Agar plates were taken and a sterile cork-borer (6-mm diameter) was used to bore wells in the agar. 50μL volume of the extract and oil was introduced into each of the peripheral wells while a fungal disc was inoculated into the central well. A negative control (sterilized DMSO) was also included in one of the peripheral wells to compare the activity. The plates were then incubated at 28°C. The evaluations were carried out by means of daily measurement of colony diameter, starting 24h after the experiment began and finishing when 2/3rd the plate surface of the control treatment was covered by the fungus [7] . The appearance of zones of inhibition was regarded as the presence of antimicrobial action in the test substance. All the experiments were performed in triplicate.
The results were expressed in terms of the diameter of the inhibition zone: <9mm, inactive; 9-12mm, partially active; 13-18mm, active; >18mm, very active (Junior and Zanil, 2000).
Assessment of Minimum Inhibitory Concentration (MIC)
The method of Thongson was applied [26] . The MIC for the crude extract was determined by agar-well diffusion method. A two-fold serial dilution of the test extracts was prepared by first reconstituting it in DMSO. It was then diluted in sterile DMSO to achieve a decreasing concentration range of 1000-31.25mg/ mL. A 50µL volume of each dilution was added aseptically into Mueller Hinton agar plates that were already seeded with the standardized inoculum (106CFU/mL) of the test bacterial cells. Sodium propionate was used as positive control. All the experiments were performed in triplicate. The same procedure was used for fungi, except that SDA plates were used and the plates were incubated at 28°C. The lowest concentration of tamarind extract showing a clear zone of inhibition was considered as the MIC.
Results
A total of ten bacterial species and seven fungal species have been used in the present study to assess the antimicrobial activity of aqueous-ethanolic extract of lemon peel & lemon oil. The antimicrobial activity of the extract was determined by agar well diffusion method. (Table 1) shows the comparison in antimicrobial activity of the lemon peel extract and lemon oil against seven Gram positive bacteria and three Gram negative bacteria. The extract was partially active against both Gram-positive and Gram-negative bacteria except Listeria monocytogenes that were isolated from the spoiled food products. The aqueous-ethanolic extract of lemon peel was most effective against Staphylococcus aureus followed by Staphylococcus epidermidis and Bacillus subtilis (with an inhibition zone diameter of 14mm, 12mm and 12mm respectively). Sodium propionate (commonly used food preservative) was used as a positive control in the study and it was less effective producing an inhibition zone of diameter of 15.0, 13.0 and 14.0mm respectively.
In contrast, the lemon oil exhibited wide range of antimicrobial activity against both groups of bacteria. The maximum zone of inhibition was observed against Bacillus mycoides and Bacillus cereus producing 33mm and 29mm Inhibition Zone Diameter (IZD) respectively. Amongst the Gram negative bacteria, the lemon peel extract showed equivalent activity against all the test bacteria Pseudomonas aeruginosa, Escherichia coli and Enterobacter aerogenes with IZD of 10.0mm each whereas lemon oil also exhibited partial activity against the same.
Antifungal effects of the lemon peel extract and lemon oil have also been investigated as shown in (Table 2 ). All the seven test fungi were isolated from the spoiled food products.
Amongst fungus, the lemon peel extract was most effective against Alternaria sp. and Rhizopus sp. with an inhibition zone diameter of 25mm and 16mm respectively while the other test fungi were almost resistant to it. Citation: Gupta S., Gupta Contrary to this, lemon oil exhibited antagonistic activity against almost all test fungi. It was most effective against fungi Rhizopus sp., and Aspergillus sp. with an IZD of 33mm and 27mm respectively.
The MIC for the fungal species was therefore not determined. In contrast, sodium propionate which is used as a standard food preservative inhibited all the test fungal species. (Table 3 ) depicts the Minimum Inhibitory Concentration (MIC) of the lemon oil. It ranged from 6.25 to 50 mg/mL. Staphylococcus aureus and Micrococcus luteus was found to be highly sensitive to the extract exhibiting lowest MIC of 6.25 mg/mL each followed by Bacillus cereus and Bacillus mycoides (MIC= 12.5 mg/mL each). Pseudomonas aeruginosa --50
Discussion
The observed antimicrobial activity was probably due to combination of more than one constituent. The various components may act synergistically [6, 8] .
From these studies, it was observed that although lemon peel is effective against both groups of bacteria but its activity was high in Gram positive bacteria as compared to Gram-negative bacteria. These observations are in accordance with the earlier observations reported by and they also reported that Gramnegative organisms were less susceptible to the herbal extracts than Gram-positive isolates [3, 5] . It may possibly be due to the presence of high lipid content in the cell walls of Gram negative bacteria. Gram-positive bacteria such as Staphylococcus epidermidis, Staphylococcus aureus, and Bacillus subtilis contains teichoic acid in the peptidoglycan layer and is therefore inhibited by both lemon peel extracts and lemon oil [19] . Furthermore, the outer membrane of Gram-negative bacteria is known to present barrier to penetration of numerous antibiotic molecules, and the periplasmic space contains enzymes, which are capable of breaking down foreign molecules introduced from outside thus providing greater resistance to them [4] . β-myrecene and caryophyllene which had been previously proved to be the cytotoxic components in other essential oils [25] . Other constituent viz. β-pinene, α-terpineol, γ-terpinene and trans-α-bergamotene may have synergistic effects with limonene [20] .
Conclusion
Processing of citrus by-products potentially represents a rich source of phenolic compounds and dietary fiber, owing to the large amount of peel produced. These citrus fruit residues, which are generally discarded as waste in the environment, can act as potential antimicrobial agents. Besides, due to their low cost and easy availability such wastes are also capable of offering significant low-cost nutritional dietary supplements. The utilization of these bioactive rich citrus residues can provide an efficient, inexpensive, and environment friendly platform as source of food preserving agents. The above study showed that both lemon peel and lemon oil exhibit good antagonistic activity against food spoilage bacteria and fungi. However, further research on the use of other botanical extracts can be rewarding to pursue in hunt for new herbal therapeutic agent. However, the effect of lemon oil and their peel extract on more pathogenic organisms and toxicological investigations and further purification, still needs to be carried out.
